ABSTRACT-A dematiaceous fungus was isolated from Japanese flounder Paralichthys olivaceus with ulceration and erosion of the skin surface. The fungus was identified as an Exophiala species, with different morphological, biological and molecular characteristics from three previously described pathogenic Exophiala species. Fungal hyphae extended laterally in the dermis, and were absent from the epidermis and musculature of the skin lesions and kidneys of the diseased fish. An inflammatory response with granuloma occurred in the dermis involving accumulations of epithelioid cells around the hyphae. The granulomas were surrounded by lymphocyte-like cells. Epidermal degeneration was observed above the inflamed dermis, suggesting that the inflammatory response caused epidermal damage. Experimental infection reproduced hyphal extension and infiltration of inflammatory cells in the dermis of the flounder, confirming the pathogenicity of the fungus.
Some dematiaceous fungi have been known to cause systemic mycosis of marine fish. Ochroconis humicola, which is morphologically characterized by sympodioconidium, arising single-septate conidia and conidiogenous cells with conical denticles, was identified as a pathogen that spreads its hyphae into the internal organs of coho salmon Oncorhynchus kisutch (Ross and Yasutake, 1973) , Atlantic salmon Salmo salar (Schaumann and Priebe, 1994) , devil stinger Inimicus japonicus (Wada et al., 1995) , barramundi cod Cromileptes altivelis (Bowater et al., 2003) , red sea bream Pagrus major, marbled rockfish Sebastiscus marmoratus (Wada et al., 2005) and striped jack Pseudocaranx dentex (Munchan et al., 2006) . Members of the genus Exophiala, which are morphologically characterized by annelloconidium and a short annellated zone, are also pathogens of marine fish. Exophiala salmonis (Richards et al., 1978) and E. psychrophila (Pedersen and Langvad, 1989) were isolated from several internal organs and kidney of Atlantic salmon, respectively, while E. pisciphila was isolated from cranial lesions of Atlantic salmon (Langdon and McDonald, 1987) and the brain and skin of smooth dogfish (Gaskins and Cheung, 1986) . Systemic mycosis due to infection with an Exophiala-like fungus has been described in other marine fish, including scup Stenotomus versicolor, Atlantic cod Gadus morhua, seahorse Hippocampus hudsonius, Sargassum triggerfish Xanthichthys ringens and sebae anemonefish Amphiprion sebae (Blazer and Wolke, 1979) . Systemic mycosis has also been observed in striped jack infected with Scytalidium infestans, which is morphologically characterized by arthroconidium (Iwatsu et al., 1990) .
Previously reported clinical cases of Japanese flounder infectious ulcerative skin diseases have been caused by Tenacibaculum maritimum (gliding bacterial disease, Baxa et al., 1986) , Ichthyobodo sp. (ichthyobodosis, Kusakari and Urawa, 1990) , a scuticociliatid ciliata (scuticociliatidosis, Ototake and Matsusato, 1986) and Gyrodactylus sp. (gyrodactylosis, Miyazaki, 2006) . To date, no fungal infections have been found to be responsible for ulcerative skin disease of the Japanese flounder.
In the present study, we describe a novel skin ulcerative disease of the Japanese flounder. The pathogen was an unpublished Exophiala species that caused a limiting infection of skin tissue which differed from the infectious mode of other related systemic mycoses.
Materials and Methods

Sampling of diseased fish
Seventeen Japanese flounder (75.6 ± 16.9 g body weight) cultured at a private farm in Oita Prefecture, Japan were collected from May 2006 to August 2006. These fish had erosion and ulceration of the skin surface. The water temperature during this period was approximately 17∞C-21∞C.
Fungal isolation
PYGS agar containing 0.125% peptone, 0.125% yeast extract, 3% glucose and 1.2% agar in artificial seawater (Aquamarine S: Yashima Chemical) was used to isolate the fungus. Briefly, small pieces of tissue from the skin surface at the edge of the lesion were inoculated on the agar plates, then sprinkled with small amount of ampicillin and streptomycin to prevent bacterial growth. Agar plates were incubated at 20∞C.
Fungal identification
A slide-culture technique using potato-dextrose agar (PDA: Nissui) was applied for morphological observations of isolated fungi using light microscopy (Hendrickson, 1985) . Scanning electron microscopy was performed for observation of more detailed morphological characters. Cultured mycelia were fixed in 0.1 M phosphate buffered 2% glutaraldehyde, pH 7.4, for 24 h at 5∞C, and postfixed for 20 h in phosphate-buffered 1% osmium tetroxide. They were then dehydrated in ethanol, critical point dried, and sputtered with platinum and gold.
One of the fungal isolates was selected and designated as NJM0664. This was used for further characterization of the fungus and experimental infections.
To investigate the optimum temperature for fungal growth, agar blocks were taken with a 5.5 mm diameter cork borer from the edge of the growing colony and inoculated onto the center of PYGS agar plates. The plates were then incubated at 15∞C, 20∞C, 25∞C, 30∞C and 37∞C.
The nucleotide sequence of the D1D2 domain of large subunit ribosomal DNA (LSU rDNA) was determined for phylogenetic analysis. DNA was extracted as described by Abliz et al. (2004) , and the D1D2 domain was amplified in a reaction containing 20 ng/50 mL DNA, 1.2 U Taq DNA polymerase (Promega), 1.5 mM MgCl 2 , 0.25 mM dNTPs and 0.25 mM each NL-1 and NL-4 fungal universal primers (O'Donnell, 1993) . Amplification conditions were 1 cycle of 94∞C for 5 min, followed by 35 three-step cycles of 94∞C for 30 s, 55∞C for 30 s, 72∞C for 1 min, and a final cycle of 72∞C for 5 min. The PCR product was purified by a QIAquick Gel Extraction kit (QIAGEN) and sequenced using a BigDye Terminator v1.1 cycle sequencing kit (Applied Biosystems) and automated DNA sequencer (ABI prism 3100 Genetic Analyzer, Applied Biosystems) according to standard manufacturer's protocols. Sequences were assembled and edited using SeqMan software (DNASTAR). Cluster analysis was performed by MegAlign (DNASTAR) and used to construct a phylogenetic tree.
Histopathological examination
Pieces of skin lesions from five diseased fish were fixed with 10% formalin buffered at pH 7.4 (Wako Pure Chemical), followed by decalcification with 27 mM EDTA, 7.4 mM sodium acetate and 4% formalin, adjusted to pH 7.4 by sodium hydroxide. Skin tissues with ulcerative lesions were routinely embedded in paraffin and sectioned at 4-5 mm. Sections were stained with hematoxylin and eosin, and observed under light microscopy. The Schmorl's staining method was used to distinguish dark melanin pigments within the hyphal walls of dematiaceous fungi (Dixon and Polak-Wyss, 1991) . Bacterial growth in the tissue was examined by Giemsa staining. ing conidia (C), which were formed as a cluster on the top of a conidiogeneous cell. Predominant conidia were non-septate, but septate conidia (C1) were occasionally observed. Scale bar = 10 mm. B: Scanning electron microscopy observation. The annellation (arrow) was observed on the tip of a conidiogenous cell. Scale bar = 1 mm.
Experimental infection
The isolated fungus NJM0664 was cultured on PYGS agar at 20∞C for 30 days. Conidia in the growing fungal colonies were suspended by adding phosphate buffered saline (PBS, pH 7.4) and collected by passing the suspension through a gauze (NT-4; Asahi Kasei Fibers) to remove the hyphal fragments. The conidia were counted using a haemocytometer (Erma) and adjusted to 1 ¥ 10 6 / 50 mL in PBS. Healthy Japanese flounder (24.4 g in average body weight) were used for experimental infections. Conidia inoculation was performed, after wiping away moisture on the skin surface, by dropping 50 mL conidia suspension on a small area of intact or gently scratched skin surface of ocular (eyed) side near the caudal peduncle by removing the epidermal tissues and some scales with a cover glass, then allowing contact between conidia and the skin for 30 s. Intramuscular injection of the conidia suspension into a similar area was also performed. PBS without conidia was used for control experiments. Ten fish were prepared for each experimental group, and hence, 40 fish were used in total. Fish were reared at 20∞C. After 36 days, fungal re-isolation and histopathological examination were carried out.
Results
Description of the outbreak
An erosive, ulcerative skin disease of Japanese flounder occurred at two private farms in Oita Prefecture, Japan between May 2006 and August 2006. The incidence was approximately 0.2% (in about 6,600 cultured Fig. 3 . Effect of temperature on hyphal growth. The fungal hyphae were inoculated onto the PYGS agar plates, and then were incubated for 31 days under different temperatures. Fig. 4 . Phylogenetic tree of current Exophiala species (NJM0664) and related Exophiala spp. based on D1D2 domain nucleotide sequencing of LSUrDNA. The tree was rooted using Cladophialophora carrionii (AY345896) as the outgroup, and constructed using the CLUSTAL W algorithm of MegAlign. The numbers indicate the occurrence of nodes during bootstrap analysis, given as percentages of 1,000 reiterations (NA: not applicable).
fish) at one of the farms from which 17 fish were examined. Skin erosion and ulceration was evident in the caudal part of the ocular (eyed) side, but never in the head part or the blind (non-eyed) side (Fig. 1A) . No fish showed abnormal lesions of internal organs or died from the infection. Light microscopy of wet mount preparations revealed numerous fungal hyphae throughout the lesion areas up to the edge (Fig. 1B) . Hyphae were pale brown, septate and about 3 mm in diameter. No fungus was found in the kidneys.
Morphological, biological and molecular characteristics of the fungus Seemingly the same fungus was isolated from the skin lesions of all 17 examined fish. The fungal colonies were dark brown to olive black in color, and this coloration was also observed in colonies cultured on PDA, malt extract agar and Sabouraud dextrose agar. The fungus produced conidia (2.0-3.0 ¥ 2.7-5.0 mm) of an elliptic or obovoid shape and with no or one septum. Conidia were formed as a cluster on the top of conidiogenous cells (Fig. 2A) . Annellations on the tip of conidiogenous cells were observed under scanning electron microscopy (Fig. 2B ), but were inconspicuous under light microscopy.
The best growth was observed at 25∞C (Fig.  3) . The growth at 25∞C was slow and the colony radius reached only 14 mm 31 days after the cultivation. The fungus was unable to grow at 37∞C.
We sequenced 530 nucleotides of the D1D2 domain, which was deposited with the DNA Data Bank of Japan under the accession number AB355990. The phylogenetic tree of Exophiala spp. based on the sequence is shown in Fig. 4 . Fungus NJM0664 had a high similarity of 99.6% with Capronia coronata. By contrast, the current isolate had 97.4% and 97.9% similarities with E. salmonis and E. pisciphila, respectively, that have previously been described as fish pathogens and did not form a cluster with these species (Fig. 4) .
Histopathological observations
A chronic inflammatory response was observed in the dermis of skin lesions (Fig. 5) and brownish fungal hyphae were found in the inflammatory tissue (Fig. 6A) but not in the epidermis, musculature or regions of the dermis that were not inflamed. These hyphae were positive for Uvitex 2B staining (Wada et al., 2003) (data not shown) and the Schmorl's reaction, indicating the presence of melanin in the hyphal walls (Fig. 6B) . No bacterial growth was observed in the inflammatory tissue.
Epithelioid cells were developed around the invading hyphae. The epithelioid cell granulomas were surrounded by lymphocyte-like cells (Fig. 6A) . Cellular necrosis in the center of the granuloma and multinucleated giant cells were absent from inflammatory lesions. Some epidermal degeneration was evident in the lesions, in which epidermal cells showed condensed or margination of nuclear chromatin (Fig. 7B) . The dermis beneath these regions of degenerated epidermis was infiltrated with inflammatory cells, especially lymphocyte-like cells accumulated at contiguous region with the epidermis (Fig. 7B) . By contrast, within a lesion in which the dermis had not been filled with inflammatory ). Swelling and exposure of the puruloid substance (arrow) were observed at the injected skin surface. Cross section of injection site was shown in the corner of the figure. Fig. 9 . Light micrographs of a skin lesion in experimentally infected fish. Fish were experimentally inoculated by dropping fungal conidia (1 ¥ 10 6 ) on the scratched skin surface. Scale bar = 100 mm. A: Infiltration of many macrophage-like cells into the dermis. Hematoxylin and eosin staining. B: Hyphae (arrow) positive for the Schmorl's method (counter-stained with Kernechtrot) observed in the dermis. cells, the epidermis was normal (Fig. 7A) .
Fungal pathogenicity
All experimental fish survived, with the exception of one scratched fish which died from an unclear cause. Re-isolation of the inoculated fungus was successful from two intact fish, three scratched fish and all 10 injected fish. The experimentally infected scratched fish showed slight erosion at the skin surface of the inoculation site (Fig. 8A) . Histopathological observation ). Extensive inflammation was observed in the musculature, but not in the dermis (arrows). Hematoxylin and eosin staining. Scale bar = 500 mm.
of three scratched fish revealed invasion of fungal hyphae and infiltration of mostly macrophage-like inflammatory cells in the dermis, but no epithelioid cell granuloma response was seen (Fig. 9) . Two experimentally injected fish showed swelling and exposure of a puruloid substance at the inoculation site (Fig. 8B) . Hyphal growth and extensive inflammation without granuloma response were found in the musculature of these fish (Fig. 10) . By contrast, fungal invasion and inflammation were not observed in the dermis.
Discussion
The causative fungus of the ulcerative skin disease was identified as a species of the genus Exophiala according to the following: (1) it was a dematiaceous fungus, (2) the conidia arose in basipetal succession from conidiogenous cells with annellations, and (3) the annellations were not conspicuous under light microscopy.
In previous reports, E. salmonis (Richards et al., 1978) , E. pisciphila (Gaskins and Cheung, 1986; Langdon and McDonald, 1987) and E. psychrophila (Pedersen and Langvad, 1989) have been isolated as pathogens from marine fish. Pedersen and Langvad (1989) proposed that not only morphology but also optimum growth temperature is useful criteria for identification of Exophiala species. In this respect, characteristics of the fungus in the current study are predominantly the presence of aseptate conidia and optimum growth at 25∞C. These are similar to those of E. pisciphila, with aseptate conidia and optimum growth at 23∞C-29∞C (Pedersen and Langvad, 1989) , but different from those of E. salmonis, with its larger septate conidia (Richards et al., 1978) , and those of E. psychrophila, which is unable to grow at temperatures above 23∞C (Pedersen and Langvad, 1989) . Abliz et al. (2004) has reported that D1D2 domain nucleotide sequence of LSUrDNA has no diversity in Exophiala species. The sequencing analysis indicates that fungus NJM0664 is not E. pisciphila, since they showed 11 bp changes in the domain. The cluster analysis also suggested the difference between the current isolate and E. pisciphila, although the phylogenetic tree did not show high bootstrap values. Fungus NJM0664 showed a high similarity, but did not completely matched, with C. coronata in the domain. C. coronata which belongs to Ascomycetes has been identified by the morphological characteristics of teleomorph and possesses anamorph comparable to species of Exophiala (Müller et al., 1987) . Now, we have failed to induce teleomorph of the current isolate NJM0664. Further mycological studies including morphological observation of the teleomorph characteristics are necessary for the identification.
The hyphae of current fungus extended laterally into the dermis but did not appear to possess the capability to invade deeper tissues, since hyphal growth was absent from musculature near ulcerative skin lesions and kidneys of diseased fish. This infectivity might be related to the non-lethal pathogenicity of the fungus. Infectious diseases caused by E. salmonis, E. pisciphila and E. psychrophila are invasive to internal organs, and usually lead to mortality (Richards et al., 1978; Langvad et al., 1985; Langdon and McDonald, 1987) . The current fungus differed in that its level of infection was limiting. Experimentally, the injected fungus remained in the musculature, and did not extend its hyphae into the dermis. By contrast, experimental infection by skin inoculation did result in hyphal extension into the dermis, and this was assisted by scratching the skin surface. This suggests that the skin surface is a portal for invasion of this fungus. A strong inflammatory response involving granuloma formation was observed in the dermis of infected fish. This is likely to have been caused by fungal infection, since no other microorganisms were detected. The granulomas involved the accumulation of epithelioid cells around the hyphae, surrounded by lymphocyte-like cells. A granulomatous response in fish has been described in some infectious diseases (Richards et al., 1978; Wada et al., 1996; Talaat et al., 1998; Rahimian, 1998) . Usually, this involves cell necrosis of the central part, and the appearance of multinucleated giant cells or highly developed fibrosis. The Exophiala-induced granulomas of the current study lacked these characteristics; although weakly developed fibrosis was confirmed by Masson's trichrome staining (data not shown). Experimental infection did not induce such granuloma formation, perhaps because of insufficient time, as an early inflammatory cellular response in the dermis was observed at 36 days post-infection.
Epidermal damage observed in this study may be associated with an expansion of dermal inflammatory cells, which is provoked by fungal infection. Apoptosis of some epidermal cells seemed to be induced, because these cells showed condensed or marigination of nuclear chromatin. Further studies will be required for demonstration of apoptosis in the epidermal cells and we need to know whether inflammatory cells induce epidermal apoptosis or not.
